Abstract-In order to segment nucleus and cytoplasm of single cervical cell in the semear images accurately, a novel Gradient Vector Field (GVF) Snake is proposed by improving edge map of GVF Snake (PGVF) to enhance the capacity of the active contour model of gradient vector field to locate the boundary of nuclei and cytoplasmic. In our method, the image is converted into polar coordinates and the Sobel operator is used to calculate horizontal boundary, and then Sand Inhibition Method is designed to inhibite the influence of interference elements on boundary location, and finally cervical cells are segmented with GVF. At the end, experiments performed on the Herlev dataset, which contains 917 images show it is more efficiency of the proposed algorithm than RGVF and nearly same accuracy.
I. INTRODUCTION
The purpose of cervical cell image segmentation is to divide elements from the cell images to make a basis for the follow-up feature extraction, recognition, diagnosis, so many scholars committed to the research about cervical cell image segmentation problem.
The main features of global segmentation are color, texture, shape, intensity and so on, and the cluster strategies mainly used are supervised clustering, hierarchical clustering & unsupervised clustering [1] [2] [3] [4] [5] . In the case that the number of segmentation target cannot be determined, non parametric density estimation can provide relatively good segmentation results [6, 7] ; the paper [8] used the segmentation method based on graph theory; the paper [9] made a comparative study on supervised segmentation machine learning methods and unsupervised machine learning methods for the application of images; the paper [10] did a tissue image segmentation using a supervised Bayesian frame.
The commonly used algorithms local cell segmentation contain adaptive threshold segmentation [11] , watershed algorithm [12] , active contour and level set [13] , edge detection [14] , and these methods behave more effective in the segmentation of nucleus and cytoplasm of individual cells.
The paper [15] gave us a idea that the cell color depth in cervical smear images have a characteristic that the nucleus is the most dark, the cytoplasmic second as well as the background bright, and put forward Radiation gradient vector field RGVF. By improving this thinking, we brought forward a sort of gradient vector field active contour model (PGVF: Polar coordinates GVF Snake) which solved the problem that equality in radiation edge was mistakenly inhibition, and improved the efficiency of segmentation as well as reduced the effect of noise [16] [17] [18] .
The basic process includes five steps: 1. to change the image from Descartes coordinate to polar coordinate; 2. to calculate the edge map under the polar coordinate by use of the Sobel operator; 3. to Inhibit influence of interference elements on boundary location by using "Sand Inhibiting" algorithm; 4. to change the edge map from polar coordinate to Descartes coordinate; 5. to finish the image segmentation with GVF Snake model.
II. POLAR COORDINATE TRANSFORMATION OF IMAGES
The images are usually shown in the Descartes coordinate, but they can be changed from Descartes coordinate to polar coordinate for the needs of the advantageous to handle, and the figure 1 shows this process of image coordinate conversion. Seen from Fig. 1 , the conversion between Descartes coordinate and polar coordinate is not complete equivalence, in which there are deformation, interpolation and image loss. However during the cell segmentation process, the smaller transform image loss the better, so we give a conversion mode with the smallest Coordinate system transformation loss. Images commonly displayed in Cartesian coordinate system, and also can be transformed from the Cartesian coordinates to polar coordinates according to the processing needs. However the conversion from Cartesian coordinate system to a polar coordinate system is not complete equivalence existing deformation and interpolation. Therefore we put forward a kind of method with minimal loss of images in the cell segmentation process.
Because the original images are mostly rectangular rather than square as well as the origin of polar coordinates ( , c c xc yc ) is not necessarily in the center of original image, we should put the rectangular image into a square image, and then do a polar system transformation, shown as Fig. 2 .
In Fig. 2 
where , r θ correspond respectively to polar and polar angle of coordinates polar, and , 
III. IMPROVED GVF ACTIVE CONTOUR MODEL
Based on the basic radiation gradient vector flow active contour model RGVF-Snake, we give a new edge map (EM) calculation method which replaces the edge map in the GVF model with a new edge map to get a new GVF-Snake model. We call this improved active contour model Polar coordinates-based Gradient Vector Flow Snake (PGVF Snake).
The Snake model is also called parametric active contour model. Snake is a continuous closed contour, and can be parametric represented to be ( ) ( ( ), ( )) r s x s y s = where ( ) r s is the coordinate of contour curve S in the two dimensional plane and s is the normalized length of arc with value range 0 1 s ≤ ≤ . Driven by the energy function, the contour curve S has an ability to attract the image features (usually the target edge), and its energy function can be defined to be
where ( ( )) E r s is the energy of the point s on the curve and is made up of the internal energy int ( ( )) E r s & the external energy ( ( )) ext E r s . The internal energy int E makes the contour contracting as well as smoothing, and the internal energy function is defined as The external energy ext E drives the contour moving to the target boundary, and the external energy in this paper drives contour moving to the edge of the cytoplasm or nucleus. In the basic Snake model, the external energy function is defined as
where ∇ is the gradient operator.
Under the common action of internal energy & external energy, the contour curve drives the contour moving, and when the contour reaches the target boundary the energy of contour curve * snake E becomes the minimum.
According to the variational principle, in order to make the minimum energy, the curve ( ) r s has to meet the following Euler equations 
The solution of the Euler equation above is just the contour curve with the minimum energy.
Based on the basic Snake model, we give a gradient vector flow model (GVF-Snake) to use the gradient vector flow field as the external energy in order to increase the function range of the external energy. By this way, even if it is far from the target boundary the contour can be attracted to the target boundary, and also the contour can be attracted to the depression of the boundary.
The gradient vector flow ( GVF ) field is a vector field IV. CALCULATING EDGE MAP EM (Edge Map) is an important factor in the GVF active contour model for it is an important external force to promote the activity profile close to the object boundary. So EM should be help to promote the activity profile close to the object boundary without external interference effect, and we can improve GVF model by optimizing the edge map.
Base on RGVF-Snake, we propose a new calculation method of Edge Map, in which the edge map in the GVF model would be replaced by a new edge map to get a new GVF-Snake model, and we call it PGVF Snake (Polar coordinates-based Gradient Vector Flow Snake). PGVF Snake can improve the calculation efficiency as well as suppress noise.
After being changed to the polar coordinate, the original radiation of the image , Because the difference is very sensitive to noise, in order to improve the ability of restraining noise, the radiation difference of image under polar coordinates can be calculated by using the Sobel operator along the y direction with the following calculation formula: 
Seen from the formula (16), y G only calculates the gradient change in the y direction but don't response to the gradient change in the x direction, which is do the effect to achieve. Because according to statistic analysis, the contour of cytoplasm and nuclear are generally convex polygon, and the nucleus is in the internal convex polygon. After the polar coordinate transformation, the original contour of the convex polygon would be eluded to a horizontal line, and the cell shape would be extracted by using the Sobel operator in the formula (16) . The radiation gradient got in the polar coordinates should be transformed back to the Descartes coordinate system, and Fig.5 shows the effect of radiation gradient transform to Descartes coordinate system. Known from the edge map in the figure 5, the cell contour gradient value is larger and the edge gradient in the radiation direction is well controlled.
V. SAND INHIBITION METHOD FOR EDGE MAP OPTIMIZATION
The target of edge graph optimization is to interference internal & external suppression of cells and edge enhancement in the vicinity of the cell contour. The basic starting point of optimization is the fact that the brightness of cytoplasm is darker than the background, which means that there would be a negative gradient at the cell periphery map which is needed to be enhanced in the edge image, shown as Fig. 6(a) . In Fig. 6(a) , A and B correspond to a difference of interference. In the starting point of interference, the difference is positive; in the ending point of interference, the difference is negative. But at the edge of the cell, the difference is always negative because the cytoplasm is darker than the background. Based on these, we bring forward a new method named Sand Inhibition Method to eliminate interference, which is inspired by the wave washed over the beach. In this scenario, when the wave washed over the beach, the higher sand will be swept out and the sand would be changed into a flat sandy beach; once encountering a low pit, the sand in waves will be deposited to fill the pit, but the pit will not be filled if the waves have no sand. The inhibition effect is shown in Fig.2(b) . Sand Inhibition Method could be described by the following formula. 
The formula (18) (19) (20) describe the content of sand at the point y, where r I is the height of sand at the point r , sy I is the height of sand after the suppression at the point y, and Ratio is the suppression intensity The realization algorithm Sand Inhibition Method is given as below. 
REM v REM dxdy
We can obtain the segmentation results with the energy formula 
VI. EXPERIMENTAL VERIFICATION
We did some experiments by using Herlev cervical cell image data set which has 917 images to verifying the accuracy and efficiency of our method in the cervical cell image segmentation of nucleus & cytoplasm.
The experiments were divided into two classes -cell nuclei segmentation and cytoplasmic segmentation, and the contents contain the accuracy & efficiency of image segmentation. As for the of image segmentation, we make a comparison with manual segmentation, RGVF Snake segmentation and Sobel Snake segmentation about the cytoplasmic segmentation accuracy & cell nucleus segmentation accuracy; and as for the efficiency of image segmentation, we make a comparison with RGVF Snake segmentation and Sobel Snake segmentation on Herlev data set.
We used ZSI (Zijdenbos similarity index) to measure the accuracy, and ZSI was defined as
where 1 A and 2 A were the domains needed to be compared, and 1 
2
A A ∩ is the same domain of two domains.
We used STP (Seconds per Thousand Pixel) which is the time to split the image containing one thousand pixels end to measure the efficiency, and STP was defined as
where sec onds is the time for segmentation and { } # A is the pixels for segmentation. The accuracy comparison of cervical cell nucleus segmentation was shown in Table 1 .
is the ZSI comparison between RGVF Snake segmentation results with manual segmentation results on Herlev data sets where R is the results of RGVF Snake segmentation, H is the results of manual segmentation, P is the results of PGVF Snake segmentation, S is the results of Snake segmentation using Sobel edge extraction, and so on.
RH ZSI δ is the standard deviation of ZSI .
From Table 1 , the accuracy of Sobel segmentation is very low, as well as RGVF and PGVF segmentation accuracy is close. The accuracy of cell nucleus segmentation is higher than the cytoplasm, because the boundary of nucleus in Herlev data set is clearer than the cytoplasm which makes it easier to split.
In order to reduce the influence of the quality of Herlev data set on the accuracy of segmentation, we calculated ZSI of RGVF and PGVF to get that ZSI of cell nucleus is 0.981 and ZSI of cytoplasm is 0.966, and found that the segmentation results of RGVF and PGVF would be close to each other. The efficiency of PGVF Snake segmentation can be 5.4 times than RGVF Snake segmentation, this is because that the gradient computation time can be greatly shortened after changing the coordinate system as well as the efficiency of Sand Inhibition Method to eliminate interference is higher than the positive inhibition & negative suppression based on stack.
At the end of the experimental resluts contrast, we give the samples of cervical smear images segmented shown in Table 3 .
VII. CONCLUSION
Based on RGVF, we proposed a PGVF algorithm which transformed the image to polar coordinates system to extract the edge map, and then finished the edge graph optimization by using "sand inhibition method".
The experiments prove that PGVF can make an accurate positioning about the contour of cytoplasmic and nuclear, and has a high efficiency of segmentation. Because PGVF firstly changes the cell image from the Descartes coordinate to the polar coordinate system in order to calculate the radiation difference, and then takes the radiation gradient we got as the edge map of the PGVF model, and finally uses "Sand inhibition algorithm" to optimize the edge map of RGVF for the elimination of the interferencing of the cell's internal impurities on edge map. The specific experimental results show that PGVF is closer to RGVF in the segmentation accuracy, but has an obvious advantage in the segmentation efficiency about 5.4 times improvement.
The next step is the segmentation of the cell group formed by multiple cells. Aimed at the cell groups containing the overlapping and adhering cells, we use the separation point detection method based on the curve curvature extremum to detect the separation point of the overlapping cell, which can accurately position the cell overlap contact point with strong anti jamming ability as well as distinguish the concave region of the Cell overlap from the concave region producing by the cell division to a certain extent; and we use the overlapping cell separation method based on the elliptic curve fitting to separate the overlapping cells, which can well keep the original form of the cell.
